AD- 781  7  91 


STATIC  RADAR  CROSS  SECTION  OF  LIGHT 
AIRCRAFT.  VOLUME  II.  CHEROKEE  140 
AT  L- ,  S-,  AND  C-BANDS 


Test  Group  (6585th) 


Prepared  for: 

Air  Force  Special  Weapons  Center 
Federal  Aviation  Administration 

Dece  mber  1973 


DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  Va.  22151 


2.  Otv«m«Mt  Acc«tii*n  Nt. 


AD- 7%  1  T£i 


At  ** 


4  Till*  *4  Subtitle 

STATIC  RADAR  CROSS  SECTION  OF  LIGHT 
AIRCRAFT  -  Vol.  II,  Cherokee  140  at 
L-,  S-,  and  C-Bands _ - 


7.  Autt«*r(f) 

Dynalectron  Corporation  -  Land-Air  Dlv. 


f.  Performing  Orgeniietieo  N*me  end  Address 

65£5th  Test  Group/RX 
Holloman  AFB,  NM  88320 


12.  SfMitn'fig  Agency  Nome  end  Addresr. 

Federal  Aviation  Administration 
Radar  Systems  Section 
Washington,  D.C.  20591 _ 


3.  Recipient's  Cetetem  Ms 


3.  Regert  Defe . 

_ December  1973 


4.  Per  fencing  Orgenisetien  Co4* 


i.  Performing  Orgenisetien  Report  Ne. 


10.  Work  Unit  N*. 


11.  Centred  or  Cr*nt  Ho. 


13.  Type  of  Repert  end  Peried  Covered 


14.  Spensering  Agency  Co4* 


15.  Supplemented  Motor 

AF  contract  with  DYNALECTRON  CORPORATION 

Land-Air  Division  F29601-73-C-0133 


U.  , Alulr.tt' 

Static  radar  cross  section  (RCS)  of  a  single-engine  low-wing 
Piper  PA-28-140  Cherokee  (Cherokee  140)  was  measured  at  2700, 
2800^  and  2900  MHz.  (S-Band)  over  a  range  of  aircraft  attitudes 
of  +10*  pitch,  0°  to  45“  roll,  and  also  at  1250,  1350,  5000,  and 
5400  MHz  at  0°  roll,  0*  pitch.  Median  RCS  in  circular  polariza¬ 
tion  and  in  linear  polarization  was  independent  of  frequency.  At 
S-Band  the  median  RCS  varied  with  roll  angle  m  ot  strongly  in 
the  two  broadside  directions.  In  those  two  directions  the 
variation  was  greatest  for  linear  polarization  when  the  radar 
viewed  the  lower  surface  of  the  aircraft,  and  so s  greatest 
for  circular  polarization  when  the  radar  viewed  the  upper  surface 
of  the.  aircraft.  Median  RCS  at  S-Band  was  not  ffected  by 
pitch  angle. 


17.  Key  W#rds 

Radar  Cross  Section 

Light  Aircraft,  Cherokee  140 
L-Band,  S-Band,  C-Band 

RAT  SCAT 

18.  Distribution*  Stetement 

Availability  is  unlimited.  Docu¬ 
ment  may  be  released  to  the  Clear¬ 
inghouse  for  Fed  Scientific  and 
Tech,  information,  Springfield,  VA 
for  sale  to  the  oublic. 

10.  Security  Clot lif.  (of  this  report) 

Unclassified 

20.  Security  Clestif.  (of  thit  pope)  21*  No.  of  Pogei 

Unclassified  £6>&~ 

22.  Pile. 

So 

i 


tv  poidifced  by 

NATIONAL  TECHNICAL 
INFORMATION  SFRVICF 

U  S  ♦rtniwt  »>t  O  "ii''  »i' 


AFSWG-TR-73-46,  Volume  II 


Table  of  Contents 

Section  I 

1.  Introduction 

2.  Description  of  Target 

3.  Instrumentation 

4.  Procedure 

5.  Results 

6.  References 

Appendix  A  -  Site  Introduction 

1.  General 

2.  Capabilities 

3.  Calibration 

4.  Operating  Procedures 

Appendix  E  -  Target  Orientation  and  Data  Format 

1.  Coordinate  System 

2.  Data  Format 


AFSWC-TR-7 3-46 ,  Volume  II 

List  of  Figures  and  Tables 


Figure  Title  Page 

1.  Cherokee  140  Light  Aircraft  8 

2.  Radar  Measurement  Range  9; 

3.  Target  Mounting  Geometry  10 

4.  Aligning  Cherokee  140  at  20°  Roll,  0°  Pitch  11 

5.  Cherokee  140  Mounted  for  Test  at  20°  Roll,  0°  Pitch  12 

6.  Cherokee  140  at  45°  Roll,  -10°  Pitch  13 

7.  RCS  vs  Roll  Angle,  2800  MHz,  W  Polarization  14 

8.  RCS  vs  Roll  Angle,  2800  MHz,  RR  Polarization  15 

9.  RCS  vs  Pitch  Angle.  2800  MHz,  W  Polarization  16 

10.  RCS  vs  Pitch  Angle,  2800  MHz,  RR  Polarization  16 

A-l  Map  of  RAT  SCAT  Site  A-2 

A-2  Plot  of  Error  Induced  by  Background  Interference  A-6 

B-l  Vehicle  Coordinate  System  B-2 

3-2  Target  Orientation  -  Roll  B-3 

B-3  Target  Orientation  -  Pitch  B-4 

B-4  Comparison  of  Pitch  and  Tilt  Orientations  B-6 

B-5  Target  Orientation  -  Azimuth  B-7 

B-6  Format  for  Rectilinear  Plots  B-8 

Table  Title  Page 

I  RCS  Measurement  Matrix  3 

II  Test  Range  Parameters  for  Cherokee.  140  RCS  7 

Measurements 

III  Data  Plot  Index  17 

A-l  RAT  SCAT  Characteristics  of  Electronic  Equipment  A-3 


iii 


AFSWC-TR-73-46,  Volume  II 


SECTION  I 

1.  Introduction 

This  document  is  Volume  II  of  a  three-volume  set  (References  1  and 
2)  on  measurement  of  static  radar  cross  section  (RCS)  of  light  aircraft. 
The  measurement  program  comprised  three  types  of  single-engined  aircraft: 

a.  All-metal  high  wing 

b.  All-metal  low  wing 

c.  Fabric-covered  (high  wing) 

Type  (b),  represented  by  a  Cherokee  140,  is  the  subject  of  this  report. 
Measurements  on  a  Cessna  150L,  typical  of  type  (a),  are  presented  in 
Volume  I,  (Reference  1),  and  the  data  on  type  (c),  a  Super  Cub,  are 
given  in  Volume  III,  (Reference  2). 

The  objective  of  the  program  was  to  measure  static  RCS  of  typical 
light  aircraft  over  a  range  of  frequencies,  polarizations,  and  aspect 
angles.  These  data  would  aid  in  defining  the  need  for  and  amount  of 
RCS  enhancement  on  light  aircraft  to  improve  their  visibility  on  FAA 
airport  surveillance  radars. 

The  data  measurements  were  made  at  the  Radar  Target  Scatter  Division 
(RAT  SCAT)  of  the  6585th  Test  Group  located  on  the  Alkali  Flats,  Holloman 
Air  Force  Base,  New  Mexico. 


2.  Description  of  Target 

The  RCS  data  presented  in  this  report  were  measured  on  a  Model 
PA-28-140  utility  aircraft,  serial  number  28-24324,  manufactured  by  the 
Piper  Aircraft  Corporation,  Lock  Haven,  Pennsylvania.  This  aircraft  is 
popularly  designated  as  a  Cherokee  140.  An  Airworthiness  Certificate 
was  issued  4  March  1968,  a  Certificate  of  Aircraft  Registration  was 
issued  23  October  1969. 

The  aircraft  (Figure  1)  was  equipped  with  a  VOR  navigation  antenna 
on  the  vertical  stabilizer,  and  a  VHF  communication  antenna  on  the  cabin 
roof.  The  aircraft  was  flown  to  the  RCS  test  site  each  Monday  morning 
and  was  flown  out  each  Friday  afternoon  for  week-end  use  by  the  flying 
club  that  owned  it. 


3.  Instrumentation 

I 

1 

Data  measurements  were  achieved  with  a  long-pulse  radar  system  oper-  ' 

ating  on  a  ground  plane  range.  Figure  2  illustrates  the  components  of 
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the  measurement  range.  The  radar  transmitter,  receiver,  control  console, 
and  data  recorders  were  housed  In  a  mobile  van.  The  antennas  were 
supported-  on  a  mobile  tower.  Rotation  of  the  target  in  azimuth  was 
controlled  from  the  van  through  underground  electrical  conduit  that  also 
returned  azimuth  synchro  signals  to  the  van.  A  mobile  test  van  was  used 
on  this  program  in  order  to  operate  over  a  range  length  not  available 
on  the  RAT  /SCAT  fixed  ranges.  Sections  1  and  2  of  Appendix  A  and 
Table  A-l  of  Appendix  A  summarize  the  characteristics  of  RAT  SCAT  facil¬ 
ities  and  equipment.  This  information  applies  to  the  mobile-mounted 
equipment  used  for  this  program  as  well  as  to  the  fixed  installations. 

The  RCS  measurements  presented  in  this  report  were  obtained  on  a 
ground  plane  range  wherein  the  target  is  measured  near  to  the  ground. 

The  ground  is  present  as  a  scattering  object  and  in  such  a  circumstance 
coupling  between  orthogonal  components  of  the  transmitted  and  received 
fields  may  exist  other  than  the  coupling  introduced  by  the  target. 

This  coupling  (or  depolarizing)  can  be  a  problem  only  for  measurement 
in  circular  polarization.  References  3  and  4  describe  the  'theoretical 
and  experimental  studies  made  on  the  subject  specifically  for  the  RAT  SCAT 
range.  It  was  shown  that  circular  polarization  measurements  can  be  made 
on  a  ground,  plane  range.  The  size  of  the  useful  target  region  is  approxi¬ 
mately  the  same  when  circular  polarization  is  used  as  that  obtained  when 
linear  polarization,  is  used.  The  amplitude  curvature  in  the  vertical 
plane  is  the  limiting  factor  in  both  cases.  Standardized  calibration 
procedures  used  at  RAT  SCAT  assure  the  accuracy  of  RCS  measurements  using 
circular  polarization. 

The  primary  calibration  standard  for  linear  polarization  was  a  26.6 
inch  diameter  precision  aluminum  sphere  and  was  used  at  all  measurement 
frequencies.  The  calibration  standard  for  circular  polarization  was  a 
ninety-degree  dihedral  corner  with  square  faces  0.85  meters  in  each 
dimension.  This  corner  was  calibrated  against  the  precision  sphere, 
making  use  of  a  45°  dipole  to  transfer  from  linear  to  circular  polari¬ 
zation.  The  secondary  reference  standard  was  a  trihedral  corner  placed 
approximately  at  mid-range  (see  Figure  2) .  The  RCS  level  of  this  secon¬ 
dary  reference  standard  was  used  to  set  the  decibel  scale  on  all  recorded 
RCS  patterns  and  was  utilized  for  both  linear  and  circular  polarization. 

The  radar  antennas  were  parabolic  dishes  with  dipole  feeds  for 
linear  polarization  and  planar  spiral  feeds  for  circular  polarization. 
Circularity  was  better  than  0.7  db  at  all  frequencies. 


4.  Procedure 

Data  on  this  program  were  obtained  at  seven  frequencies  and  three 
polarizations  over  a  range  of  roll  and  pitch  angles  as  summarized  in 
Table  I. 
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Freq. 

Table  I  -  RCS  Measurement  Matrix 

Roll  Angle 

Pitch  Angle 

(MHz) 

Polarization 

(Degrees) 

(Degrees), 

1250 

VV,liII,RR 

0 

0 

1350 

VV,11II,RR 

0 

0 

2700 

W , — ,  RR 

0.,.5, 10,20 ,3  V- 

-10, -5,0, +5 ,+10 

2800 

WjlIUjRR 

0,5,10,20,30,45 

-10, -5,0, +5 ,+10 

2900 

W,  —  ,RR 

0,5,10,20,30,45 

-10, -5,0, +5, +10 

5000 

VV,11H, — 

0 

0 

5400 

VV,HH, — 

0 

0 

first 

letter  designating 

polarization  defines 

the  polarization 

transmit  antenna,  the  second  letter  defines  polarization  of  the  receive 
antenn',  The  nomenclature  follows  common  practice  in  which  only  the 
spatial  orientation  of  the  electric  field  vector  is  specified:  V  for 
vertical,  H  for  horizontal,  R  for  right-hand  circular. 

The  aircraft  was  supported  at  the  azimuth  turntable  on  two  dielec¬ 
tric  columns.  The  two  columns  were  expanded  polystyrene  fabricated  in 
vertical  wedge  sections  to  form  a  cone  with  circular  cross  section.  On 

top  of  each  column  was  transition  section  of  expanded  polystyrene  pre¬ 
shaped  to  fit  the  aircraft  fuselage  and  support  the  target  on  the  columns 
at  the  desired  roll  and  pitch  attitude.  The  aircraft  was  lifted  by  a 
mobile  crane  (Figure  4)  and  lowered  onto  the  transition  sections  on  top 
of  each  column.  The  aircraft  was  held  in  place  on  the  transitions  by 
lengths  of  parachute  cord  tied  to  the  fuselage  and  wings  and  anchored 
to  winches  on  the  azimuth  turntable.  In  Figure  4  the  aircraft  has  been 
secured  in  place  and  the  lifting  straps  from  the  crane  are  being  detached 
from  the  aircraft.  Figure  5  shows  the  aircraft  mounted  for  RCS  measure¬ 
ment  at  20°  roll,  0°  pitch.  A  more  dramatic  view  is  Figure  6,  showing  the 
aircraft  at  45°  roll  and  10°  negative  pitch.  The  polystyrene  collar 
visible  around  the  aft  fuselage  in  each  Figure  is  the  bearing  structure 
for  the  aft  lifting  strap  from  the  crane.  Target  RCS  measured  at  S-Band 
with  and  without  the  collar  in  place  gave  identical  results.  Therefore 
the  collar  was  left  in  place  at  all  times  to  facilitate  attaching  the 
aircraft  to  the  crane  in  case  surface  wind  velocity  suddenly  increased 
or  became  gusty. 
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The  aircraft  was  set  accurately  to  the  desired  roll  and  pitch  angle 
by  adjusting  tension  in  the  tie-down  lines.  Roll  angle  and  pitch  angle 
were  measured  at  the  propeller  hub.  The  propeller  was  rotated  to  an  index 
line,  the  spinner  was  removed  and  a  protractor  was  placed  on  the  propeller 
hub.  Roll  angle  was  measured  by  sighting  a  transit  on  the  protractor. 
Pitch  angle  was  measured  on  the  front  of  the  propeller  hub  with  an  in¬ 
clinometer.  Pitch  angle  thus  was  measured  with  respect  to  the  axis  of 
the  engine  crankshaft.  Both  roll  and  pitch  were  set  to  an  accuracy  of 
+0.5  degrees. 

Target  height  was  14  feet  at  L-  and  C-Bands,  16  feet  at  S-Band. 

Target  height  is  the  vertical  distance  between  ground  level  and  a  hori¬ 
zontal  line  (the  pitch  axis)  through  the  half-height  of  the  fuselage  mid 
way  between  aircraft  nose  and  tail,  measured  with  the  aircraft  in  level 
flight  attitude.  Figure  3  illustrates  the  relation  between  target  height 
and  the  axes  of  pitch  and  yaw. 

A  target  being  measured  on  a  ground  plane  range  is  in  an  electro¬ 
magnetic  field  that  is  the  vector  sum  of  (1)  the  wave  energy  that  travels 
directly  from  antenna  to  target,  (2)  the  wave  energy  reflected  from  the 
surface  of  the  earth,  and  (3)  the  wave  energy  that  travels  along  the  sur¬ 
face  of  the  earth.  The  vector  sum  produces  an  interference  pattern. 
Antenna  height  is  adjusted  so  that  the  target  is  located  in  the  first 
lobe  of  the  interference  pattern  described  by  the  equation: 

=  __M_ 

4Ht 

where  is  antenna  height,  Ht  is  target  height,  X  is  wavelength,  and  R 
is  range  length.  In  order  to  obtain  accurate  RCS  measurements  the 
following  steps  are  required. 

(a)  Adjust  antenna  height  and  pointing  direction  for  best  field 
uniformity  across  the  volume  occupied  by  the  target. 

(b)  Tilt  the  azimuth  turntable  so  the  target  rotates  in  the  plane 
of  the  antenna  beam. 

(c)  Minimize  reflections  from  target  supports,  tie-downs  and 
turntable. 

(d)  Calibrate  the  range  at  all  frequencies  and  polarizations. 

The  range  parameters  used  on  the  program  after  the  above  steps  were 
carried  out  at  each  frequency  are  summarized  in  Table  II. 
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Measurement  of  RCS  began  with  the  three  frequencies  in  S-Band: 

2700  MHz,  2800  MHz  and  2900  MHz;  Because  of  the  large  effort  required 
to  mount  the  target  for  measurement  it  was  prudent  to  record  as  many 
RCS  patterns  as  possible  for  each  mounting  of  the  target.  For  that 
reason  four  antennas  were  used:  one  pair  ror  linear  polarization,  the 
other  pair  for  circular  polarization .  The  antenna  pairs  were  switched 
to  the  radar  transmitter  and  receiver  as  required.  That  arrangement 
allowed  measurement  of  seven  RCS  patterns  for  exch  roll/pitch  attitude  of 
the  target.  If  weather  conditions  remained  favorable  upon  completion  of 
such  a  pattern  group  the  target  was  set  to  the  next  roll/pitch  attitude 
and  RCS  measurement  went  on,  continuing  until  dark.  A  post-test  cal¬ 
ibration  was  then  made.  If  weather  became  unfavorable  (wind  velocity 
above  10  knots,  or  rain)  the  target  was  removed  from  the  turntable  and 
the  post-test  calibration  was  made  as  quickly  as  possible.  In  any  event 
the  aircraft  was  not  measured  in  wind  velocity  above  10  knots  or  after 
dark,  and  the  range  was  calibrated  each  day  before  and  after  a  sequence 
of  measurement.  The  post-test  calibration  for  one  day  was  not  used  as 
the  pre-test  calibration  for  the  next  sequence  of  measurement.  The  RCS 
measurements  taken  each  day  began  with  a  new  calibration. 

At  L-Band  (1250  MHz  and  1350  MHz)  one  pair  of  antennas  was  used 
instead  of  two  pair  because  only  one  target  roll/pitch  attitude  was 
measured  (see  Table  I) .  The  two  linear  patterns  were  measured  at  each 
frequency  followed  by  the  post-test  calibration.  The  linear  feeds  were 
replaced  by  the  circular  feeds,  and  a  new  calibration  was  made  at  the 
two  frequencies.  The  required  patterns  in  circular  polarization  were 
then  measured  and  were  followed  by  a  post-test  calibration. 


5.  Results 

The  RCS  patterns  presented  in  this  report  are  copies  of  the  original 
recorded  data.  Each  pattern  includes  a  calibration  reference  level  from 
which  the  decibel  scale  was  labelled ■  Each  pattern  also  is  marked  with 
azimuth  angle  (horizontal  scale  at  the  bottom) ,  and  is  identified  as  to 
pitch  and  roll  angle,  all  of  which  are  defined  in  Appendix  B. 

The  patterns  represent  considerable  amount  of  data,  containing  as 
they  do  the  dependence  of  RCS  on  all  combinations  of  frequency,  polari¬ 
zation,  roll  angle,  and  pitch  angle.  Representative  relationships, 
making  use  of  median  RCS  to  simplify  the  data,  are  shown  in  Figures  7 
through  10.  Median  RCS  was  computed  for  a  10  degree  azimuth  increment 
with  a  5  degree  overlap. 

With  the  aircraft  at  zero  degrees  roll  and  zero  degrees  pitch  the 
median  RCS  in  linear  polarization  and  circular  polarization  was  independent 
of  frequency  over  the  range  of  measurement.  In  linear  polarization  the 
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median  RCS  was  the  same  for  VV  as  for  HH,  while  a  single  measurement 
(Run  527  at  2800  MHz,  0°  roll,  0*  pitch)  indicated  a  median  RCS  for  VH 
polarization  lower  by  about  10  db. 

The  measured  RCS  patterns  show  the  affect  of  frequency  only  for  the 
zero  degrees  roll,  zero  degrees  pitch  attitude  of  the  aircraft.  It 
can  be  noted  that  the  ratio  of  fuselage  length  (7.1m)  to  wavelength  is 
between  30  and  128  over  the  measured  frequency  range,  indicating  that 
RCS  is  in  the  geometric  optics  region.  From  this  it  can  be  inferred 
that  median  RCS  may  be  independent  of  frequency  at  all  attitudes  of  the 
aircraft . 

Figure  7  indicates  the  affect  of  positive  roll  angle  (at  zero  degrees 
pitch)  on  median  RCS  at  2800  MHz,  W  polarization.  Contours  of  equal 
RCS  in  dbsm  are  plotted  in  the  azimuth-roll  plane.  Vertical  lines 
through  the  plot  indicate  the  affect  of  roll  angle  at  a  given  azimuth 
direction.  Variation  of  RCS  with  roll  (at  0“  pitch)  was  greatest  in 
the  270°  broadside  direction  in  which  the  radar  viewed  the  underside  of 
the  aircraft  as  the  aircraft  rolled. 

In  circular  polarization  the  reverse  was  true — the  90°  broadside 
direction  in  which  the  radar  viewed  the  upper  surface  of  the  aircraft 
as  the  aircraft  rolled  had  the  greater  RCS  variation  with  roll  angle. 
Figure  8  shows  the  affect  of  roll  angle  (at  zero  degrees  pitch)  on 
median  RCS. 

The  affect  of  pitch  angle  (at  zero  degrees  roll)  is  illustrated  in 
Figure  9  for  VV  polarization  at  2800  MHz.  Vertical  lines  through  the 
graph  show  the  affect  of  pitch  angle  for  fixed  azimuth  directions.  The 
variation  over  the  +10  degree  range  of  pitch  angle  is  less  than  5  db,  a 
trivial  amount.  The.  same  can  be  said  of  circular  polarization  shown  in 
Figure  10. 
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Table  II  Test  Range  Parameters  for  Cherokee  140  RCS  Measurements 
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Figure  1  Cherokee  140  Light  Aircraft 


Figure  2  Elements  of  the  Radar  Measurement  Range 


Figure  3  Aircraft  Mounting  Geometry  Showing  Location  of  Pitch 
Axis,  Yaw  Axis  and  Designation  of  Target  Height 


Cherokee  140  Ready  for  Test  at  20*  Roll,  0°  Pitch 


ROLL  ANGLE,  DEG 


CONTOURS  OF  EQUAL  dbsm 


AZIMUTH  ANGLE,  DEG 


Figure  7  RCS  vs  Rol)  Angle  at  0°  Pitch  Angie 
for  2800MHz,  VV  Polarization 
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PITCH  ANGLE,  DEG.  |2  PITCH  ANGLE,  DEG 


CONTOURS  OF  EQUAL  dbsm 


AZIMUTH  ANGLE,  DEG. 


gure  9 


RCS  vs.  Pitch  Angle  at  0*  Roll  Angle  for  2800  MHz 
W  Polarization 


CONTOURS  OF  EQUAL  dbsrr: 


Figure  10  RCS  vs.  Pitch  Angle  at  0®  Roll  Angle  for  2800  MHz 
RR  Polarization 
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APPENDIX  A 
SITE  INTRODUCTION 

1.  GENERAL 

RAT  SCAT  is  a  static  ground  plane  radar  cross  section  measure¬ 
ment  site,  located  on  Alkali  Flats  near  Holloman  Air  Force  Base,  New 
Mexico.  It  is  authorized  by  the  DOD  for  use  by  governmental  agencies. 

It  is  under  the  auspices  of  the  6585th  Test  Group,  Air  Force  Special 
Weapons  Center,  Kirtland  Air  Force  Base,  New  Mexico. 

A  ground  plane  range  utilizes  radar  energy  reflected  from  the 
earth  as  well  as  radar  energy  traveling  directly  to  the  target  through 
the  atmosphere.  When  the  antennas  and  target  are  adjusted  to  proper 
heights,  coherent  phase  addition  of  these  electromagnetic  waves  into 
a  flat  wave  front,  enhances  the  system  sensitivity.  Radar  returns  from 
objects  near  the  earth's  surface  are  reduced  thus  suppressing  target 
area  interference.  Target  area  interference  is  reduced  further  through 
the  use  of  special  polyfoam  support  columns,  radar  absorptive  materials 
(RA.M),  and  rotators  located  below  the  earth's  surface  (in  pits). 

Pulsed  transmitters  are  employed  to  enable  utilization  of  the  range 
gated  receiving  system,  which  can  selectively  measure  radar  returns 
from  the  target  area  or  the  range  displaced  transfer  standard.  Back¬ 
ground  interference  outside  the  target  range  is  eliminated  by  range 
gating.  Operation  \  'thout  background  cancellation  is  therefore  practical. 

2.  CAPABILITIES 

The  RAT  SCAT  electronic  equipment  and  controls  are  housed  in  a 
permanent  building.  Three  separate  range  lengths  (458  feet,  1158  feet, 
and  2458  feet)  are  provided  for  range  variation  as  shown  in  Figure  A-l. 
This  allows  the  use  of  convenient  antenna  and  target  heights  while  sat¬ 
isfying  the  far  field  criterion  for  most  targets.  (Special  40-foot  an¬ 
tenna  towers  are  attached  to  the  building  foi  antenna  height  positioning.) 
Further  versatility  is  provided  by  two  mobile  equipment  vans,  one  for 
monostatic  range  length  variation  and  one  for  bistatic  measurements. 

A  duplicate  set  of  control  and  data  consoles  in  the  tr  ain  building  enables 
simultaneous  operation  of  any  two  of  the  three  ranges.  A  summary  of 
the  RAT  SCAT  characteristics  is  contained  in  Table  A-l. 

3.  CALIBRATION 

The  normal  method  of  calibration  at  RAT  SCAT  is  to  mount  a  pri¬ 
mary  standard  (precision  sphere)  scatterer  with  a  known  radar  cross 
section  and  record  the  corresponding  signal  level.  Then  the  return 
from  another  secondary  standard  (corner  or  Luneberg  lens)  scatterer 
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TABLE  A-l 


RAT  SCAT  CHARACTERISTICS  OF  ELECTRONIC  EQUIPMENT 


Power  Output 
Pulse  Width 

Pulse  Repetition  Frequency 
No.  of  Receiving  Systems 

Receiver  Minimum  Detectable 
Signal 

Receiver  Bandwidth 
Range  Gate  Width 
Dynamic  Range 
Linearity 

Equipment  Stability 
Analog  Data  Format 


Digital  Data  Format 
Antennas 


Antenna  Feeds 
Polarization 


Background  Level 
Background  Reduction 


Phase  Measurement 


Azimuth  Resolution 
Maximum  Target  Weight 
Target  Size 
Bistatic  Capability 


Frequency  Coverage 


1  KW  nominal  bands  1  through  8,  25  KW 
nominal  Ku,  Ka  bands 

0. 1  to  1.  0  microsecond 
500  to  5000  pps 

Two  per  band,  (one  monostatic  and  one 
bistatic) 

-94  dbm  nominal 

2  or  10  Mhz  (selectable) 

0. 1  to  1.  0  microsecond  (50  to  500  feet) 

70  db 
+0. 5  db 

0. 1  db/hour  (Average) 

Polar  and  rectangular  plots  of  cross 

section,  glint  and  phase  V3 
aspect  angle 

7  or  9  track  magnetic  (see  Appendix  C) 

1,  2,  3,  4,  6,  10,  and  16  foot  parabolic 
dishes  (smaller  and  larger 
dishes  available  for  special 
tests) 

Linear  and  circular  horns  with  VSWR  less 
than  2.  0  to  1.0 

Horizontal,  vertical,  circular,  elliptical 
in  any  transmitting  and 
receiving  configuration. 

As  low  as  -80  dbsm  (frequency  dependent) 
Tuned  columns  and  vector  subtraction  by 
using  phase  and  amplitude 
measurements  to  reduce  back¬ 
ground  by  20  db 

Unique  RAT  SCAT  capability  for  vector  sub¬ 
traction  or  scattering  matrix 
applications 

0.1  or  0.01  degree  as  applicable 
40, 000  pounds 
Greater  than  60-foot  length 
Primary  ranges  of  458  ,  1158  ,  and  2458 
feet  for  0  to  160  degree 
bistatic  angle 

100  to  18,000  MHz  continuous,  Ku,  Ka 
bands  and  95  GHz 
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Band  1 
Band  2 
Band  3 
Band  4 
Band  5 
Band  6 
Band  7 
Band  8 


Range  Length 


10o  to  250  MHz 
250  to  500  MHz 
500  to  1000  MHz 
1000  to  2000  MHz 
2000  to  4000  MHz 
4000  to  8000  MHz 
8000  to  12,  000  MHz 
12,  000  to  16,000  MHz 

Ku,  Ka  bands; 

95  GHz 

300  feet  minimum 


Building /Pit  1  -  458  ft 
Building/Pit  2  -  1158  ft 
Building /Pit  3  -  2458  ft 

Monostatic  Van/Pits  1,  2,  or  3  -  variable  range  length 
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displaced  in  range  is  recorded  as  a  transfer  standard.  Both  the  pre¬ 
cision  standard  return  and  the  transfer  standard  return  are  recorded 
on  the  same  plot.  Thereafter,  radar  cross  section  calibration  is  de¬ 
termined  by  referencing  the  transfer  standard  return  for  every  run. 

Thus  every  run  is  recalibrated.  The  comparisons  of  primary  and  trans¬ 
fer  standards  accomplished  before  and  after  each  measurement  series 
are  identified  respectively  as  calibration  and  post- calibration.  If  the 
direct  ratio  of  primary  to  secondary  readings  is  not  maintained  before 
and  after  the  measurement  series,  then  all  runs  between  are  invalid  and 
must  be  repeated. 

The  calibration  reference  level  marked  on  each  data  plot  is  related 
to  the  transfer  standard  level.  This  reference  level  may  under  controlled 
conditions  differ  from  the  actual  transfer  standard  signal  level  since 
precision  calibrated  attenuation  is  sometimes  inserted  in  the  receiver 
line.  When  such  attenuation  is  inserted,  returns  from  the  transfer  standard 
are  reduced  to  a  level  compatible  with  the  scale  used  for  the  target 
measurements.  The  70  db  dynamic  range  of  the  plot  is  placed  to  include 
the  range  of  returns  expected  from  the  vehicle  being  measured.  In  some 
cases  two  runs  are  necessary  to  be  plotted  for  direct  overlay  to  include 
tne  dynamic  range  of  the  vehicle  if  it  exceeds  70  db .  Calibration  plots 
are  included  with  the  target  data  when  requested  by  the  user. 

The  sphere  calibration  plots  will  not  necessarily  be  straight  lines. 

If  the  background  return  is  within  20  db  of  the  sphere  return,  for  ex¬ 
ample,  a  variation  in  sphere  return  of  approximately  fldb  can  result. 

For  calibration  the  sphere  is  intentionally  placed  at  least  1/2  wavelength 
off  the  center  of  table  rotation  to  insure  sufficient  phasing  with  the  back¬ 
ground  return.  The  average  sphere  return  is  then  chosen  for  a  cali¬ 
bration  level.  This  avoids  the  peak  errors  involved  with  coherent  addition 
of  sphere  return  and  background  return  and  allows  the  minimum  errors 
involved  with  non- coherent  addition  of  the  returns.  This  is  irdicated 
in  Figure  A-2. 

4.  OPERATING  PROCEDURES 

The  following  step-by-step  procedure  is  standard  in  obtaining  mono¬ 
static  radar  cross  section  measurements  after  frequency,  feeds,  an¬ 
tennas,  antenna  height,  target  height,  and  pit  (range  length)  have  been 
chosen: 

1.  Calibration  -  As  described  in  previous  section. 

2.  Horizontal  and  vertical  probes  (field  strength  measurements  at 
the  target  area)  -  Horizontal  probes  at  the  target  area  have  been  shown 
to  be  redundant  for  azimuthal  boresighting.  For  this  reason,  these 
probes  are  taken  only  upon  request  for  examination  of  near  field  effects. 
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SIGNAL  TO  BACKGROUND  RATIO  -  Decibels 
Figure  A-2  PLOT  OF  ERROR  INDUCED  BY  BACKGROUND  INTERFERENCE 
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Vertical  probea  are  taken  at  the  target  area  to  determine  power  variation 
as  a  function  of  target  height.  If  necessary,  antenna  height  is  varied  to 
obtain  an  acceptable  vertical  probe  which  then  necessitates  a  new  cali¬ 
bration. 

3.  Background  -  The  background  level  v  ith  the  target  mount  in 
place  is  measured  in  each  polarization  to  be  used. 

4.  Measurement  -  The  measurement  is  made  with  the  vehicle  in 
the  position  previously  occupied  by  the  primary  standard. 

5.  Calibration  -  The  primary  calibration  is  repeated  to  verify 
calibration  (post  calibration). 
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APPENDIX  B 

TARGET  ORIENTATION  AND  DATA  FORMAT 
1.  COORDINATE  SYSTEM 

The  coordinate  system  described  herein  has  been  adopted  as  a 
standard  for  RAT  SCAT  operations.  The  system  is  referenced  both  to 
the  vehicle  being  measured  and  to  the  measuremen.  site. 

a.  Vehicle  Reference 

A  three-axis  system,  referenced  to  an  arbitrary  vehicle,  is  illus¬ 
trated  in  Figure  B-l.  In  this  system  three  mutually  perpendicular 
planes  (yaw,  pitch,  and  roll)  are  passed  through  the  vehicle  so  that  the 
pitch  and  yaw  planes  mutually  intersect  on  the  longitudinal  axis  of  the 
vehicle.  These  planes  remain  fixed  with  respect  to  the  vehicle,  regard¬ 
less  of  vehicle  rotation  with  respect  to  the  radar  or  ground  plane.  The 
yaw  plane,  which  includes  the  pitch  axis  and  the  roll  axis,  is  numbered 
from  0  degrees  to  360  degrees  in  a  clockwise  direction  when  the  vehicle 
is  viewed  from  the  above.  The  nose- on  aspect  corresponds  to  0  degrees, 
the  starboard  side  of  the  vehicle  corresponds  to  90  degrees,  and  the 
port  side  to  270  degrees.  The  pitch  plane,  which  contains  the  roll  axis 
and  the  yaw  axis  is  numbered  from  0  degrees  to  i  180  degrees;  the  +  90 
degree  point  is  below  the  center  line,  and  the  -  90  degree  point  is  above 
the  center  line.  The  roll  plane  contains  the  yaw  axis  and  the  pitch  axis. 

It  is  numbered  from  0  degrees  to  360  degrees,  and  the  numbers  increase 
in  a  counterclockwise  direction  when  the  vehicle  is  viewed  from  the  rear. 

b.  bite  Reference 

As  previously  stated  the  coordinate  system  is  fixed  with  respect  to 
the  vehicle.  It  is  referenced  to  the  site  by  means  of  three  index  marks. 
The  exact  value  of  any  of  the  three  angles  is  determined  by  noting  the 
value  of  the  vehicle  coordinate  opposite  the  index  marks.  Index  marks 
come  from  such  devices  as  bubble  levels,  inclinometers  and  transits. 

As  illustrated  in  Figure  B-2,  the  index  for  roll  angles  is  normal  to 
the  axis  cf  rotation.  As  illustrated  in  Figure  B-3,  the  index  for  pitch 
angles  is  normal  to  the  axis  of  rotation  and  in  line  with  the  apparent 
source  of  radiation.  For  measurements  at  the  RAT  SCAT  Site,  targets 
can  be  mounted  to  provide  desired  pitch  and  roll  angles. 

c.  Coordinate  System  Tilt 

For  small  targets  another  angle,  tilt,  can  be  utilized  in  recording 
useful  data.  This  angle,  equipment-limited  to  less  than  15  degrees,  is 
formed  by  the  axis  of  rotation  and  the  normal  to  the  line  of  sight  to  the 

B-l 


UNCLASSIFIED 


UNCLASSIFIED 


TOP  VIEW  REAR  VIEW  SIDE  VIEW 


Figure  B-l  VEHICLE  COORDINATE  SYSTEM 

B-2 

UNCLASSIFIED 


NOTE:  The  roll  scale  is  fixed  to  the  vehicle. 

The  amount  of  roll  is  determined  by 
noting  the  number  of  degrees  opposite 
the  index.  Clockwise  rotation  of 
the  target  (when  viewed  from  the  rear) 
increases  the  roll  angle. 


Figure  B-2  TARGET  ORIENTATION  -  ROlL 
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INDEX 


TO  SOURCE  OF 
RADIATION 
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NOTE: 


The  pitch  scale  is  fixed  to  the  vehicle. 

The  number  of  degrees  of  pitch  is  determined 
by  noting  the  scale  value  opposite  the  index. 


Figure  3-3  TARGET  ORIENTATION  -  PITCH 
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apparent  source  of  radiation.  Since,  in  a  ground  plane  range,  radia¬ 
tion  can  be  considered  to  emanate  from  a  point  with  zero  height  directly 
beneath  the  antennas,  a  zero- degree  tilted  axis  of  rotation  is  slightly 
off  the  geometrical  vertical.  This  small  deviation  from  the  geometrical 
vertical  is  neglected  in  the  following  discussions. 

A  target  mounted  with  a  pitch  angle  other  than  zero  displaces  the 
yaw  axis  from  the  vertical,  but  not  the  axis  of  rotation.  The  axis  of 
rotation  is  displaced  from  the  vertical  only  when  non-zero  tilt  is  em¬ 
ployed.  Tilting  toward  the  radar  is  considered  positive  tilt  and  away 
from  the  radar  is  negative  tilt.  For  monostafic  measurements  tilt  will 
be  measured  in  the  vertical  plane  containing  the  line  of  sight  between 
the  radar  and  the  target.  The  difference  between  pitch  and  tilt  is  shown 
in  Figure  B-4. 

2.  DATA  FORMAT 

Data  recorders  obtain  azimuth  angle  information  by  means  of  pre¬ 
cision  synchro  signals  from  the  position  of  the  rotating  table.  The 
line  of  sight  from  the  antennas  to  the  center  of  the  rotator,  as  illus¬ 
trated  in  Figure  B-5,  indexes  azimuth  angles.  As  used  here  the  term 
azimuth  refers  to  the  position  of  the  target  rotator  table.  With  zero 
degrees  of  pitch  and  roll,  azimuth  ant'  yaw  are  identical.  It  is  standard 
practice  to  turn  the  rotator  in  a  clockwise  (cw)  direction  as  viewed  from 
above.  Consequently,  the  azimuth  angle  varies,  for  example  from  180 
degrees  (tail-on)  to  90  degrees  (starboard-side)  to  0  degrees  (nose-on) 
to  270  degrees  (port-side). 

a.  Polar  and  Rectilinear  Plots 

Essential  information  pertinent  to  each  plot  is  contained  in  "he  in¬ 
formation  block  located  in  the  upper  right  hand  corner  of  the  r  d- 
linear  plots  and  in  the  second  quadrant  of  the  polar  plots.  Each  recti¬ 
linear  plot  has  the  recording  of  the  return  from  the  left  side  of  the 
vehicle  on  the  left  side  of  the  plot,  0  degrees  at  the  center,  and  the  re¬ 
cording  of  the  return  from  the  right  side  of  the  vehicle  on  the  right 
side  of  the  plot;  180  degrees  (tail-on)  appears  at  the  right  and  left  ex- 
tremeties  of  the  plot,  as  shown  in  Figure  B-6.  Since  the  paper  moves 
from  left  to  right  under  the  recorder  pen,  it  should  be  noted  that  mea¬ 
surements  are  limited  at  180  degrees  in  order  to  obtain  continuous  mea¬ 
surements  on  the  recorder  paper.  The  table  on  the  polar  recorder  is 
rotated  in  the  same  directions  as  the  target  so  the  90-degree  point  ap¬ 
pears  on  the  right  side  of  the  polar  plot,  the  270  degree  point  on  the 
left,  and  the  zero  or  360  degree  point  at  the  top  of  the  plot. 
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Figure  B-4  COMPARISON  OF  PITCH  AND  TILT  ORIENTATIONS 
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NOTE:  The  azimuth  scale  is  fixed  to  the  target 

rotator.  The  azimuth  value  is  determined 
by  noting  the  value  of  the  scale  opposite 
the  index  mark  as  the  rotator  and  scale 
revolve.  The  index  is  the  line-of- sight 
from  the  radar  antennas  to  the  center  of 
the  rotator,  (Azimuth  angle  data  are  trans¬ 
mitted  to  the  data  recorders  by  means  of 
synchro  signals.)  The  standard  direction 
of  rotation  will  be  clockwise. 


Figure  B-5  TARGET  ORIENTATION  -  AZIMUTH 

B-7 

UNCLASSIFIED 


UNCLASSIFIED 


RECTILINEAR 

RECORDER 


